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Giris

Keratokonus buynuz qisanin nazilmasi va gabarmasi noticosinds yaranan
geyri-diizglin astigmatizm vo gormao itiliyinin azalmasi ilo xarakterizo olunan
ikitorafli vo asimmetrik ektaziyadir [1]. Molumdur ki, keratokonus xroniki buynuz
qisa iltihabi ilo slagolidir. Ailo anamnezi, goziin tez-tez ovugdurulmasi vo allergik
g0z xastaliklori osas risk faktorlar: hesab olunur [1]. Bazi sistem xostoliklori do
keratokonusla slagolondirilir.

Son todqiqatlara osason, Ehlers-Danlos vo Marfan sindromu, oynaq
hipermobilliyi vo osteoartrit keratokonusla olagosi gdOstorilmis sistem
vaziyyatlordondir [2]. Buynuz qisa, “Axilles” vatori (AV), “plantar fassiya” (PF)
va qigirdaq kimi strukturlarin ortaq xiisusiyyasti onlarin kollagen torkibli olmas1 vo
kollagen toxuma patologiyalari ilo slagali olmalaridir. Bu tadqiqatin shomiyyati
keratokonus ilo Axilles tendiniti, “plantar fassiit” vo ya osteoartrit kimi xastaliklor
arasinda miimkiin alagonin miioyyon edilmasindaodir.

Magsad — keratokonus ilo votor vo qigirdaq xostoliklori arasinda miimkiin
olagonin olub-olmadigini miioyyan etmok. Bu mogsadls AV, PF, topuq qigirdaginin
(TQ) vadistal bud qigirdagin (DBQ) galinliglarinin giymotlondirilmosi keratokonus
ilo xostolords votor vo qigirdaq toxumalarinda morfoloji dayisikliklorin olub-
olmadigini oks etdiran yaxs1 gostarici ola biler.

Material vo metodlar

Tadqiqat qrupu 18-40 yas aras1 33 ikitorofli keratokonusu olan xastadon
ibarot olmusdur. Nozarst qrupu iso yas vo demoqrafik gostoricilori oxsar olan
33 saglam soxslordon secilmisdir. Biitiin hallarda Seympfliig buynuz qisanin
tomogqrafiyast daxil olmaqla genis oftalmoloji miiayino aparilmisdir (Sirius;
Costruzione Strumenti Oftalmici, Florensiya, Italiya). “Keratokonus” diagnozu
klinik olamotlorin (“Vogt” xotlori, “qay¢ivari” refleksi, buynuz qisa hidropsu vo
“Rizutti” refleksi) vo buynuz gisanin tomogqrafiya gostoricilorinin mévcudluguna
osason qoyulmusdur (maksimal keratometriyada >48,0 D, <470 pum on nazik
noqtada buynuz qisa qalinlig, ayrilik xaritasinda patoloji naxis, 6n va arxa sothdo
yiiksok elevasiya vo yliksok “Baiocchi-Calossi-Versaci” (BCV) indeksi).




Biitiin ultrasas gostaricilori “Clarius Linear L7 HD3 Portable Handheld
US” cihaz1 (Clarius Mobile Health, Vankuver, Kanada) vasitosilo aparilmigdir.
Qiymatlondirilacok nahiyoa EUROMUSCULUS/USPRM asas skan protokollarina
uygun olaraq goriintiilonmis vo anatomik strukturlar miioyyon edilmisdir [3, 4].
Distal bud qigirdaq qalinligiin 6l¢tilmasi lateral bud siimiiyiiniin kondili (LBK),
interkondilyar sahonin (IS) vo medial bud siimiiyiiniin kondilin (MBK) orta
noqtolorindon aparilmigdir. Todqigat vo nozarot qruplarinin ultrasos parametrlori
miiqayiss edilmisdir.

Naticalar

Tadgiqat qrupunda orta yas 29,06 = 6,39 (18-40), nozarat qrupunda iso 31,39
+ 6,36 (21-40) olmusdur (p > 0,05). Orta badan kiitlo indeksi todqigat qrupunda
24,60 + 3,61 (21,09-31,30), nozarat qrupunda iso 23,79 £+ 4,08 (17,90-32,75)
olmusdur (p > 0,05). Orta maksimal korreksiya olunmus gérmo itiliyi todqiqat
qrupunda 0,17 + 0,17 (0,00-0,70), nazarat qrupunda iso 0,00 = 0,00 (0,00-0,00)
olmusdur (p < 0,001). Orta refraksiyanin sferik ekvivalenti todqiqat qrupunda
—1,61 = 1,79 D (—6,00-0,75), nazarat qrupunda iso —1,00 = 0,96 D (—5,75-0,00)
olmusdur (p > 0,05).

Qruplarin ultrasas parametrlori cadval 1-do togdim olunmusdur. AV-nin vo PF-
nin orta qalinliglar1 todqigat qrupunda shomiyyatli doracodo yiiksok olmusdur
(miivafiq olaraq p = 0,002 vo p < 0,001).

Digor torafdon, LBK, MBK, DBQ vo TQ orta galinliglar1 tadqigat qrupunda
ohomiyyatli dorocodo asagi olmusdur (hamist {igiin p < 0,001). Buynuz qisa
qalinlig1 ilo AV-nin qalinlig1 arasinda (r = —0,482, p = 0,005), homg¢inin buynuz
qisa qalinlig1 ilo 1S-nin qalinlig arasinda (r = 0,367, p = 0,036) statistik cohatdon
ohomiyyatli korrelyasiya askar edilmisdir.

Maksimal keratometriya vo ya BCV indeksi ilo ultrasas parametrlori arasinda
189 ohamiyyatli slage miisyyan edilmomisdir (har ikisi ti¢lin p > 0,05).

Cadval 1. Qruplarin ultrasas parametrlorinin naticalari

Toxumalarin

Tadgqiqat qrupu Nazarat qrupu

qalinligy (mm)

AV 5,74 £ 1,45 (3,40-8,60) 4,76 £ 0,90 (3,60-8,70) 0,002
PF 4,06 + 0,74 (2,80-5,60) 3,18 0,71 (2,40-6,40) <0,001
LBK 1,71 0,37 (0,78-2,50) 2,05 + 0,30 (1,55-2,80) <0,001
is 1,80 0,33 (1,13-2,50) 1,95+ 0,37 (1,40-3,35) 0,113
MBK 1,72+ 0,31 (1,17-2,60) 1,99 + 0,27 (1,64-2,75) <0,001
DBQ 1,72 +0,28 (1,00-2,40) 2,00 + 0,26 (1,60-2,90) <0,001
TQ 0,80 + 1,69 (0,55-1,20) 0,99 + 1,19 (0,66-1,41) <0,001
Miizakira

Bu todqiqatda keratokonusu olan vo saglam soxslords bozi vator vo qigirdaq
qalinliglar1 miigayiso edilmis vo buynuz qisa tomoqrafiyasi ilo ultrasos parametrlori
arasinda potensial olago aragdirilmigdir. Bildiyimiz qodor, bu, keratokonusu olan
xastolordo AV vo PF-nin galinliglarin1 giymatlondiron ilk todqigatdir. Todqiqgatin



naticalorine goro, keratokonusu olan xastolordo AV vo PF-nin qalinliglar1 daha
yiiksok olmusdur. Simptomsuz hallarda ultrasas miiayinasinds vator qalinliginin
artmasi, damarlanmanin artmasi vo asagi exogenlik kimi patoloji doyisikliklorin
askarlanmasi golocokds tendinopatiya liclin chomiyyatli gostoricilor hesab olunur;
belo soxslords tendinopatiya riski on az1 dord dofs artir [ 5]. Bu molumatlar asasinda,
bu todqiqat gostorir ki, keratokonusu olan xastolor plantar fassiit vo “Axilles”
tendinitinin inkisafina meylli ola bilorlor. Digar torofdon, LBK, MBK, DBQ vo TQ
galinliglar1 saglam soxslorlo miiqayisods keratokonusu olan xastolordo daha asagi
olmusdur. Oxsar naticalor avvallor do bildirilib vo keratokonusu olan xastalorin
golocokdo osteoartriti inkisaf etdiro bilocoyi geyd olunmusdur [6, 7].

ovvalki todqgiqatlara olavo olarag, bu is buynuz qisanin qalinlig1 ilo votor/
qigirdaq qalinlig1 patoloji doyisikliklori arasinda ohomiyystli olagoni gostorir.
Buynuz qisa qalinlig1 keratokonusun diagnozu va izlonmosinds genis istifado
olunan an vacib korneal tomogqrafik parametrlordon biridir [1]. Bu notico gostorir
ki, keratokonusun agir morhololorinds votor vo qigirdaq patoloji doyisikliklori
daha ciddi ola bilar.

Keratokonusun doqiq etiopatogenezi molum deyil vo hesab olunur ki,
keratokonusun inkisafina miixtolif mexanizmlor cavabdehdir. Bazi hipotezlor
tendinopatiya, osteoartrit vo keratokonusun ortaq etiopatoloji yollarin1 izah
edir. Hor ii¢ xostoliyo miixtolif sobablordon tokrar zodolorin olmasi tipikdir:
tendinopatiyada haddindon artiq fiziki yiiklonma, osteoartritdo artiq ¢oki vo ya fiziki
yiik, keratokonusda iso goziin ovusdurulmasi. Tokrar zodo mongoli degenerasiya
bu xostoliklorin siibut edilmis sobabidir vo onlarin etiopatogenezini izah edir [1,
2,8,9].

Yekun

Bu tadqiqat aydin sokildo gostorir ki, keratokonusu olan xastalords bazi vator vo
qigirdaq qalinligimin doyisikliklori mévcuddur va bu dayisikliklor keratokonusun
agir formalarinda daha ohomiyyatli ola bilor. ©zoalo-skelet xastoliklorinin subklinik
morholods askarlanmasi keratokonusu olan xastalordo miialico xarclorini vo alillik
risklorini azalda bilor. Oftalmoloqlar keratokonusu olan xastalari fizioterapevto
yonlondirmolidirlor. Bu todqgigatin naticolori tendinopatiya, osteoartrit vo
keratokonusun ortaq etiopatoloji mexanizmlorini arasdiran, garsisinin alinmasi
strategiyalarin1 miioyyon edon vo miialico tisullari toqdim edon golocok islor tigiin
ohomiyyatli istinad monbayi olacagq.

Acgar sozlar: keratokonus, vator, plantar fassiya, qigirdaq, kollagen, ultrasas
miiayina, tendinopatiya, osteoartrit
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Introduction

Keratoconus is a bilateral and asymmetric ectasia characterized by irregular
astigmatism and decreased visual acuity as a result of the thinning and steepening
of the cornea [1]. It is known that keratoconus is related to chronic corneal
inflammation. Family history, eye rubbing and allergic eye conditions are
known as the main risk factors [1]. Some systemic diseases or conditions are
associated with keratoconus. Ehlers-Danlos syndrome, Marfan syndrome, joint
hypermobility, and osteoarthritis are some systemic conditions that have been
shown to have associations with keratoconus, as per recent studies [2]. Structures
such as the cornea, Achilles tendon (AT), plantar fascia (PF), and cartilage share
the common feature of containing collagen and being associated with collagenous
tissue disorders. The importance of this study lies in the potential to identify a link
between keratoconus and conditions such as Achilles tendinitis, plantar fasciitis,
or osteoarthritis.

Purpose — to reveal whether there is a potential relationship between
keratoconus and tendon/cartilage diseases. For these reasons, the evaluation of
AT, PF, talar cartilage (TC), and distal femoral cartilage (DFC) thicknesses can be
a good representative whether there is any morphological abnormality in tendons
and cartilages in keratoconus patients.

Material and Methods

The study group composed of 33 bilateral keratoconus patients who were 18—
40 years old. The control group was selected from 33 healthy individuals who had
similar ages and demographic characteristics. All cases were subjected to a detailed
ophthalmological evaluation including Schiemphflug corneal tomography (Sirius;
Costruzione Strumenti Oftalmici, Florence, Italy). Keratoconus was diagnosed
according to presence of clinical (Vogt’s striae, scissoring reflex, corneal hydrops,
and Rizutti’s corneal reflex sign) and corneal tomography findings (> 48.0 D
maximum keratometry, <470 um corneal thickness at the thinnest point, abnormal



pattern in curvature map, high anterior and posterior elevation, and high Baiocchi-
Calossi-Versaci (BCV) index).

All ultrasonographic measurements were performed with Clarius Linear L7
HD?3 Portable Handheld US device (Clarius Mobile Health, Vancouver, Canada).
The region to be evaluated was imaged using EUROMUSCULUS/USPRM basic
scanning protocols and anatomical structures were determined [3, 4]. The DFC
thickness measurements were performed from the midpoints of the lateral femoral
condyle (LFC), intercondylar area (IA) and medial femoral condyle (MFC).
Ultrasonographic parameters of the study and control groups were compared.

Results

The mean age was 29.06 + 6.39 (18-40) in the study group and 31.39 + 6.36
(21-40) 1n the control group (p > 0.05). The mean body mass index was 24.60
+ 3.61 (21.09-31.30) in the study group and 23.79 £ 4.08 (17.90-32.75) in the
control group (p > 0.05). The mean best corrected visual acuity was 0.17 + 0.17
(0.00-0.70) in the study group and 0.00 £ 0.00 (0.00-0.00) in the control group (p
< 0.001). The mean manifest refraction spherical equivalent was -1.61 = 1.79 D
(— 6.00-0.75) in the study group and — 1.00 £ 0.96 D (— 5.75-0.00) in the control
group (p > 0.05).

The details of ultrasonographic parameters of the groups were given in Table 1.
The mean AT and PF thicknesses were significantly higher in the study group (p =
0.002 and p < 0.001, respectively). On the other hand, the mean LFC, MFC, DFC,
and TC thicknesses were significantly lower in the study group (p <0.001, for all).
There was a significant correlation between corneal thickness and AT thickness (r
=—0.482, p = 0.005) and between corneal thickness and intercondylar area (IA)
thickness (r = 0.367, p = 0.036). No significant relationship was found between
maximum keratometry or BCV index and ultrasonographic parameters (p > 0.05,
for both).

Table 1. The details of ultrasonographic parameters of the groups

Ti hi

5.74 + 1.45 (3.40-8.60)

4.76 + 0.90 (3.60-8.70) 0.002

PF 4.06+0.74 (2.80-5.60)  3.18 +0.71 (2.40—6.40) <0.001

LFC 1.71 £ 0.37 (0.78-2.50)  2.05 + 0.30 (1.55-2.80) <0.001

1A 1.80 +0.33 (1.13-2.50)  1.95+ 0.37 (1.40-3.35) 0.113

MFEC 1.72 £ 0.31 (1.17-2.60) 1.99 +£ 0.27 (1.64-2.75) <0.001

DFC 1.72 £ 0.28 (1.00-2.40) 2.00£0.26 (1.60-2.90) <0.001

TC 0.80 £ 1.69 (0.55-1.20) 0.99 £1.19 (0.66-1.41) <0.001
Discussion

In this study, some tendon and cartilage thicknesses in keratoconus and healthy
subjects were compared and a potential relationship between corneal tomography
and ultrasonographic parameters was investigated. To the best of our knowledge,




this 1s the first study evaluating AT and PF thicknesses in keratoconus patients.
According to the results of this study, AT and PF thicknesses were higher in
keratoconus patients. In asymptomatic individuals, the detection of abnormalities
such as increased tendon thickness, increased vascularity and hypoechogenicity in
ultrasonography are considered as significant indicators for future tendinopathy;
tendinopathy risk increases in these individuals at least fourfold [5]. In light of
these data, this study shows that patients with keratoconus may be prone to the
development of plantar fasciitis and Achilles tendinopathy. On the other hand,
other US parameters including LFC, MFC, DFC, and TC thicknesses were lower
in keratoconus patients when compared with healthy subjects. Similar findings
had also been reported previously and they concluded that keratoconus patients
may be future candidates of osteoarthritis [6, 7]. In addition to previous studies,
this study reveals a significant relationship between corneal thickness and tendon/
cartilage thickness abnormalities. Corneal thickness is one of the most important
corneal tomography parameters and is widely used in the diagnosis and follow-up
of'keratoconus [1]. This result indicates more severe tendon/cartilage abnormalities
may be occurred in severe stages of keratoconus.

The exact aetiopathogenesis of keratoconus is unclear and it is thought that
various different mechanisms are responsible for keratoconus development.
Some hypotheses explain common aetiopathological pathways of tendinopathy,
osteoarthritis, and keratoconus. In all three diseases, there is a history of recurrent
trauma for various reasons: overuse for tendinopathy, overweight or overuse for
osteoarthritis, and eye rubbing for keratoconus. Recurrent trauma associated
degeneration is a proven reason for these diseases and explains the aetiopathologies
of them [1, 2, 8, 9].

Conclusion

This study clearly demonstrates that there are some tendon and cartilage thickness
abnormalities in keratoconus patients and these abnormalities may be much more
important in severe forms of keratoconus. The detection of musculoskeletal
diseases at the subclinical stage could reduce treatment costs and disability risks
in keratoconus patients. Ophthalmologists should refer keratoconus patients to a
physiatrist. The results of this study will be an important reference for the future
studies investigating novel common aetiopatological mechanisms, preventing
strategies, and providing treatment options for tendinopathy, osteoarthritis and
keratoconus.

Keywords: keratoconus, tendon, plantar fascia, cartilage, collagen, ultrasound,
tendinopathy, osteoarthritis
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